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Attorney Docket No.: 22719-46 

TRIMMABLE SENSING CATHETER 
FIELD OF THE INVENTION 

[0001] The present invention relates to a catheter device and method useful with a shunt system, 
and in particular to a trimmable hydrocephalus catheter having a pressure sensor disposed 
therein. 

BACKGROUND OF THE INVENTION 

[0002] Hydrocephalus is a neurological condition that is caused by the abnormal accumulation 
of cerebrospinal fluid (CSF) within the ventricles, or cavities, of the brain. CSF is a clear, 
colorless fluid that is primarily produced by the choroid plexus and surrounds the brain and 
spinal cord. CSF constantly circulates through the ventricular system of the brain and is 
ultimately absorbed into the bloodstream. CSF aids in the protection of the brain and spinal 
cord. Because CSF keeps the brain and spinal cord buoyant, it acts as a protective cushion or 
"shock absorber" to prevent injuries to the central nervous system. 

[0003] Hydrocephalus, which affects children and adults, arises when the normal drainage of 
CSF in the brain is blocked in some way. Such blockage can be caused by a number of factors, 
including, for example, genetic predisposition, intraventricular or intracranial hemorrhage, 
infections such as meningitis, head trauma, or the like. Blockage of the flow of CSF 
consequently creates an imbalance between the amount of CSF produced by the choroid plexus 
and the rate at which CSF is absorbed into the bloodstream, thereby increasing pressure on the 
brain, which causes the ventricles to enlarge. 

[0004] Hydrocephalus is most often treated by surgically inserting a shunt system that diverts 
the flow of CSF from the ventricle to another area of the body where the CSF can be absorbed as 
part of the circulatory system. Shunt systems come in a variety of models, and typically share 
similar functional components. These components include a ventricular catheter which is 
introduced through a burr hole in the skull and implanted in the patient's ventricle, a drainage 
catheter that carries the CSF to its ultimate drainage site, and optionally a flow-control 
mechanism, e.g., shunt valve, that regulates the one-way flow of CSF from the ventricle to the 
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drainage site to maintain normal pressure within the ventricles. The ventricular catheter typically 
contains multiple holes or pores positioned along the length of the ventricular catheter to allow 
the CSF to enter into the shunt system. To facilitate catheter insertion, a removable rigid stylet, 
situated within the lumen of the ventricular catheter, is used to direct the catheter toward the 
desired targeted location. Alternatively, or in addition, blunt tip brain cannulas and peel-away 
sheaths have been used to aid placement of the catheters. 

[0005] One common problem encountered with the use of ventricular catheters is the difficulty 
in measuring the pressure within the patient's ventricle. Many pressure sensors are available for 
measuring pressure, and these systems typically include a pressure-sensing element in 
communication with an electronic component. The electronic component is energized by an 
extra-corporeal energy source which transfers energy through an antenna which is part of the 
implant. The antenna usually serves to transmit data from the implant to the external 
interrogating device. Ventricular catheters can contain pressure sensors, however, the pressure- 
sensing element must be very small due to the size constraints within the ventricle. As a result, 
the ability to energize the sensor is limited. Accordingly, the use of any sensor with a ventricular 
catheter will require a tethered system, wherein a wire runs from the sensor to an antenna that is 
positioned at a location remote from the catheter. The use of a wire, however, will require the 
catheter to have a fixed length since cutting of the catheter would break the connection in the 
wires. These catheters, as a result, can only be made in a unitized fashion, requiring stocking of 
assemblies in various lengths. The extra length of the catheter can also make insertion more 
difficult. 

[0006] Accordingly, there remains a need for a catheter which can be trimmed to a desired 
length, and which includes a sensor disposed therein. 

SUMMARY OF THE INVENTION 

[0007] The present invention generally provides an implantable fluid management device 
having an elongate catheter with a proximal end, a distal end, and a first inner lumen extending 
therethrough, and a sensor disposed at a distal portion of the catheter. The device also includes 
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at least one wire having a distal end coupled to the sensor and having a proximal end that is 
adapted to mate to an external component for powering and/or communicating with the sensor. 
The at least one wire extends along a length of the catheter such that the at least one wire is in 
fluid isolation from the inner lumen of the catheter, and it is separable from a proximal portion of 
the catheter such that the length of the catheter is selectively adjustable. 

[0008] In one embodiment, the at least one wire can be disposed within a second lumen that is 
isolated from the first lumen. The second lumen can be formed within an invagination of the 
outer wall of the catheter extending within the first lumen. In an exemplary embodiment, the 
first lumen has a diameter that is greater than a diameter of the second lumen. The device can 
also include a slit extending through an outer wall of the catheter into the second lumen. The slit 
preferably extends along at least a portion of a length of the catheter from the proximal end 
thereof such that a portion of the at least one wire can be at least partially removed from the 
catheter through the slit to allow the length of the catheter to be selectively adjusted. In an 
exemplary embodiment, the slit extends along a distance less than the length of the catheter, and 
more preferably the slit extends along less than about one half of the length of the catheter. The 
slit can be substantially fluid impermeable in a closed position and/or the catheter can be made 
from a material that is self-sealing. 

[0009] In another embodiment, the at least one wire is disposed within a second lumen that is 
isolated from the first lumen and the slit extends into the second lumen. Alternatively, the at 
least one wire can be disposed within a secondary catheter that is coupled to the catheter. The 
secondary catheter is preferably adapted to be peeled apart from the catheter to allow the length 
of the catheter to be selectively adjustable, independent of the length of the secondary catheter. 

[0010] In another embodiment, a method is provided for implanting a ventricular catheter 
having an elongate catheter with a first lumen extending therethrough and including a sensor 
disposed at distal portion of the catheter. At least one wire extends from the sensor and it is 
coupled to the catheter such that the at least one wire is in fluid isolation from the first lumen. 
The at least one wire is separable from at least a proximal portion of the catheter such that a 
length of the catheter is selectively adjustable. The method includes the steps of implanting the 
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catheter in a patient's ventricles such that a proximal end of the catheter is adapted to be 
connected to an implantable valve device, separating a portion of the at least one wire from the 
catheter, cutting the catheter to a desired length at a location where the wire is removed from the 
catheter, and connecting the cut end of the catheter to an implantable valve device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1] The invention will be more fully understood from the following detailed description 
taken in conjunction with the accompanying drawings, in which: 

[0012] FIG. 1 is a perspective view of one embodiment of a ventricular catheter according to the 
present invention; 

[0013] FIG. 2 is a cross-sectional view taken across line 2-2 of the ventricular catheter shown in 
FIG. 1; 

[0014] FIG. 3 is a perspective view of the ventricular catheter shown in FIG. 1 having a portion 
of the wire removed therefrom; 

[0015] FIG. 4 is a perspective view of the catheter and wire shown in FIG. 3 having a portion of 
the catheter removed therefrom; and 

[0016] FIG. 5 is a cross-sectional view of another embodiment of a ventricular catheter 
according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The present invention generally provides an implantable fluid management device that 
includes a catheter having at least one wire running therethrough, which is coupled to a sensor 
disposed at a distal portion of the catheter. At least a portion of the wire is removably coupled to 
the catheter to allow the length of the catheter to be selectively adjusted, thereby providing a 
trimmable sensing catheter. The device can be used for a variety of medical procedures, but in 
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an exemplary embodiment the device is a ventricular catheter that is used to drain CSF from a 
patient's ventricles. 

[0018] The fluid management device is particularly advantageous in that it provides a catheter 
having a sensor and wires running therethrough, yet it can be trimmed to a desired length without 
affecting the operability of the wire(s). Current sensing catheters cannot be cut to a desired 
length, as this would result in a breakage of the wire connection. With ventricular catheters, the 
necessary length of the catheter cannot be determined until the catheter is implanted, thus 
making it desirable to provide a catheter having an adjustable length. Accordingly, the present 
invention advantageously provides a trimmable sensing catheter. 

[0019] FIG. 1 illustrates an exemplary embodiment of an implantable fluid management device 
10 having an elongate catheter 12 with a proximal end 12a, a distal end 12b, and at least one 
inner lumen 12c (FIG. 2) extending therethrough. A sensor 14 can be disposed at a distal portion 
of the catheter 12. As shown in FIG. 2, the device 10 also includes at least one wire 16 having a 
distal end (not shown) coupled to the sensor 14 and having a proximal end 16a that is adapted to 
mate to an external component, such as an antenna 18, for powering and/or communicating with 
the sensor 14. The at least one wire 16 extends along a length of the catheter 12 such that the at 
least one wire 16 is in fluid isolation from the inner lumen 12c of the catheter 12, and it is 
separable from a proximal portion 12a of the catheter 12 such that the length of the catheter 12 is 
selectively adjustable. 

[0020] The elongate catheter 12 can have a variety of configurations, but it is preferably a semi- 
flexible or flexible elongate member having proximal and distal ends 12a, 12b with at least one 
inner lumen 12c extending therebetween. The proximal end 12a is preferably open and it can be 
adapted to connect to another medical device, such as a valve for controlling fluid flow from the 
catheter. The distal end 12b, on the other hand, can either be open or closed, but preferably it is 
closed and includes a blunt end cap 20 formed thereon to facilitate insertion and/or imaging of 
the device 10. The end cap 20 is advantageous in that it facilitates insertion of the device and it 
prevents the distal tip of an insertion device, such as a rigid stylet (not shown), from penetrating 
the distal end 12b of the catheter 12. The end cap 20 can also optionally be formed from a radio- 
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opaque material to facilitate imaging of the catheter 12. The catheter 12 can also include one or 
more fluid-entry ports (not shown) formed in the sidewall thereof and in communication with 
lumen 12c to allow fluid to flow into the catheter 12. 

[002 1 ] The dimensions of the catheter 1 2 can also vary depending on the intended use, but 
preferably the catheter 12 has a length l c that is sufficient to allow at least the distal portion 12b 
of the catheter 12 to be implanted in a patient's ventricles, while the proximal portion 12a can 
extend therefrom. The catheter 12 should, however, include excess length to allow the catheter 
12 to be trimmed to the appropriate size after implantation of the distal portion 12b of the 
catheter 12 in the patient's ventricles. In an exemplary embodiment, the length l c is in the range 
of about 10 cm to 20 cm, and more preferably it is about 15 cm. 

[0022] A person skilled in the art will appreciate that the catheter 12 can have virtually any 
configuration, shape, and size, and that it can be adapted for use in a variety of medical 
procedures. 

[0023] The device 10 also includes a sensor 14 disposed at a distal end of the catheter 12 for 
measuring and/or communicating conditions present within and/or around the catheter 12. The 
sensor 14 can be disposed on any portion of the catheter 12, and virtually any type of sensor can 
be used with the device 10. In an exemplary embodiment, however, the sensor 14 is preferably a 
pressure sensor that is adapted to measure the pressure present around and/or within the catheter 
12, and more preferably the sensor 14 is positioned at a location where it is effective to measure 
the pressure within the patient's ventricles, rather then the pressure within the lumen 12c of the 
catheter 12. This is desirable as the fluid flow through the catheter lumen 12c is not always 
indicative of the pressure within the ventricles. For example, blockage can occur in the fluid- 
entry ports in the catheter 12 as a result of tissue ingrowth or debris, thereby hindering the flow 
of fluid into the catheter 12. Accordingly, the pressure sensor 14 is preferably disposed on an 
external surface of the catheter 12, or it is embedded within the walls and/or end cap 20 of the 
catheter 12 such that it is effective to measure the pressure surrounding the catheter 12. While 
virtually any sensor can be used, suitable sensors can be obtained from Millar, of Houston, 
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Texas. A person skilled in the art will appreciate that virtually any sensor can be used to sense a 
variety of conditions. 

[0024] The device 10 further includes at least one wire 16 having a distal end (not shown) that is 
mated to the sensor 14, and a proximal end 16a that extends from the proximal end 12a of the 
catheter 12 and that is adapted to couple to an external component for powering and/or 
communicating with the sensor, such as antenna 1 8 which receives energy to power the sensor 
14. The wire(s) 16 can be disposed in any portion of the catheter 12, but it should be in fluid 
isolation from the inner lumen 12c of the catheter 12 to prevent the wire(s) 16 from corroding or 
otherwise interfering with use of the device 10. In one embodiment (not shown), the wire(s) 16 
can include a protective coating disposed thereon for protecting the wire(s) 16 from any fluid 
flowing through the lumen 12c. In another embodiment, shown in FIG. 5, the wire(s) 16' can be 
disposed within a separate catheter 13 1 that is mated to catheter 12 ! in a way that will allow the 
second catheter 13' to be peeled apart from the first catheter 12', thus allowing the length of the 
catheter 12' to be selectively adjusted. 

[0025] In an exemplary embodiment, however, the wire(s) 16 are embedded in the wall of the 
catheter 12 such that they are disposed within a second lumen 12d that is separate from the first 
lumen 12c, as shown in FIG. 2. The second lumen 12d, which should extend from the sensor 14 
through the entire length of the catheter 12, can be formed using a variety of techniques. In one 
embodiment, the second lumen 12d can be formed by extruding the catheter 12 around the 
wire(s) 16 during manufacturing, e.g., as an invagination of the outer wall of the catheter 12 
extending within the first lumen 12c. Alternatively, the second lumen 12d can be formed as an 
actual lumen 12d that is adapted to later receive wire(s) 16 therein. Regardless of the 
manufacturing technique, the second lumen 12d preferably has a diameter d 2 that is substantially 
less than a diameter dj of the first lumen 12c to allow a sufficient amount of fluid to flow 
through the first lumen 12c without interference from the second lumen 12d, which may protrude 
somewhat into the first lumen 12c, as shown. In an exemplary embodiment, the diameter dj of 
the first lumen 12c is in the range of about 1.0 mm to 2.0 mm, and more preferably it is about 1.5 
mm, and the diameter of the second lumen is in the range of about 50 /mi to 250 /xm. A 
person skilled in the art will appreciate that a variety of other techniques can be used to couple 
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the wire(s) 16 to the catheter 12 such that they are at least temporarily separable from the 
catheter 12 to allow the catheter 12 to be trimmed. 

[0026] The proximal end 16a of the wire(s) 16 can mate to a variety of external components for 
powering and/or communicating with the sensor 14. In an exemplary embodiment, however, the 
wire(s) 16 are mated to an external antenna 18 for receiving power to energize the sensor 14. 
The antenna 1 8 can have virtually any configuration, but it is preferably adapted to be implanted 
at a location within the patient's body that is adjacent to the implant site of the catheter 12. 
Where the catheter 12 is used as a ventricular catheter, the antenna 18 can, for example, be 
implanted between the patient's scalp and skull. The use of an external antenna 18 for receiving 
energy advantageously allows the use of a sensor 14 having a relatively small size. 

[0027] As previously stated, the device 10 also includes a technique that allows at least a portion 
of the wire(s) to be separated from the catheter 12 to allow the catheter 12 to be cut. While a 
variety of techniques can be used to provide this feature, in one embodiment the catheter 12 can 
include a slit 22 formed therein for allowing the wire(s) 16 to be passed through the slit 22. In an 
exemplary embodiment, the slit 22 extends through the wall of the catheter 12 such that it is in 
communication with the second inner lumen 12d containing the wire(s) 16. The slit 22 
originates at the proximal end 12a of the catheter 12, and it can extend along all or only a portion 
of the remainder of the catheter 12. In an exemplary embodiment, the slit 22 extends along less 
than about one half of the length l c of the catheter 12. This is particularly desirable as it reduces 
the likelihood of bodily fluids and/or humidity entering through the slit 22 and coming into 
contact with the sensor 14. It is also desirable to prevent bodily fluids and/or humidity from 
coming into contact with the wire(s) 16, thus the slit 22 is preferably substantially fluid 
impermeable in a closed position. That can be achieved by providing a catheter 12 that is formed 
from a material, such as a silicone rubber, that is self-sealing. Alternatively, or in addition, the 
slit 22 can include a coating disposed therein to facilitate sealing of the slit 22 when the wire(s) 
16 are not extending therethrough. The wire(s) 16 and the sensor 14, as a sub-assembly, can also 
optionally be coated prior to implantation into the catheter 12 to further protect them from 
coming into contact with fluids. One example of a suitable material for coating the sub-assembly 
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is Parylene®. A person skilled in the art will appreciate that a variety of other techniques can be 
used to allow the wire(s) 16 to be removably coupled to the catheter 12. 

[0028] FIGS. 3 and 4 illustrate the device 10 in use. As shown in FIG. 3, once the distal portion 
12b of the catheter 12 is implanted in a patient's ventricle (not shown), the wire(s) 16 can be 
pulled through the slit 22 starting at the proximal end 12a of the catheter 12. The remaining 
proximal portion 12a of the catheter 12 that does not contain the wire(s) 16 can now be trimmed, 
e.g., using a cutting device, to a desired length. The wire(s) 16 can then be inserted back into the 
catheter 12 through the slit 22, as shown in FIG. 4. The proximal end 12a of the catheter 12 is 
then able to be connected to another device, such as a valve for controlling fluid flow from the 
ventricle to the fluid drainage site. 

[0029] The device 10 can be formed from a variety of materials. In an exemplary embodiment, 
however, the catheter 12 is formed from a flexible, biocompatible material. Suitable materials 
include, for example, polymers such as silicones, silicone-like materials, such as polyethylene, 
and polyurethanes. The catheter 12 can also optionally be formed from a radio-opaque material. 

[0030] One skilled in the art will appreciate further features and advantages of the invention 
based on the above-described embodiments. Accordingly, the invention is not to be limited by 
what has been particularly shown and described, except as indicated by the appended claims. All 
publications and references cited herein are expressly incorporated herein by reference in their 
entirety. 

What is claimed is: 
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